Calder reported in 1942 (1) a persistent rise in blood pressure, up to 145 ram. Hg, in rats fed a diet deficient in the B vitamin complex, except thiamine. In a later publication (2) he described the pathologic lesions in the kidneys of similar rats, this time employing a diet only partially deficient in the same vitamins. More recently, it has been shown by Hartroft and Best (3) that the renal damage produced by feeding weanling rats a hypolipotropic diet for a short period is associated with a sustained hypertension 3 to 5 months later if, during this period, the animals receive a normal diet. The magnitude of hypertension in many of their animals was much greater than that reported by Calder.
(Received for publication, June 22, 1950) Calder reported in 1942 (1) a persistent rise in blood pressure, up to 145 ram. Hg, in rats fed a diet deficient in the B vitamin complex, except thiamine. In a later publication (2) he described the pathologic lesions in the kidneys of similar rats, this time employing a diet only partially deficient in the same vitamins. More recently, it has been shown by Hartroft and Best (3) that the renal damage produced by feeding weanling rats a hypolipotropic diet for a short period is associated with a sustained hypertension 3 to 5 months later if, during this period, the animals receive a normal diet. The magnitude of hypertension in many of their animals was much greater than that reported by Calder.
The basal diet used by Calder contained 18 per cent casein as the only source of protein and was probably deficient in lipotropic factors. This deficiency might have been a factor in the production of the elevation of the animals' blood pressures which he reported. A series of experiments have been conducted to determine the effect of adding a choline supplement to diets similar to those used by Calder. The blood pressures of rats fed this supplemented diet have been compared with those of animals fed only the basal diet.
Methods
One hundred albino rats of the Wistar strain, weighing 100 to 150 gin., were piaced in 4 groups (25 rats per group) and fed the diets shown in Table I . The basal diet was similar to that used in Calder's experiment (1) and is free of the entire B vitamin complex. The supplements consisted of 0.5 mg. per cent thiamine hydrochioride, 0.35 per cent choline chloride, and 1.0 per cent vitamin mixture) The animals in groups 3 and 4 were pair-fed according to the amount of food consumed by the animals in groups 1 and 2.
The experiment was designed to run 16 weeks. After this time the animals in Calder's experiment still had elevated levels of blood pressure despite a 33 per cent loss in weight.
* This research was supported by a grant-in-aid from the Nutrition Foundation, Inc., (United States of America).
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From this evidence, he suggested that the changes in blood pressure were not related to the general nutritional status of the animals. In our experiment the rats in the first 2 groups receiving the B vitamin-deficient diets failed to grow, and after the first few weeks began to lose weight. Several of these animals died and subsequently, therefore, any showing appreciable weight loss were sacrificed. None of the rats in group 1 and only three in group 2 survived for as long as 16 weeks.
At the time of sacrifice, the level of blood pressure was recorded in the heparlniaed rat, anesthetized by inhalation of ether. The femoral artery was cannulated by a needle attached to a mercury manometer. The heart and kidneys were weighed and representative blocks of the kidney, liver, pancreas, adrenals, and heart fixed for brief periods in Susa's solution. Hematoxylin and eosin stains were performed on all micro sections. In selected cases, special stains for connective tissue, for hemosiderin, for ceroid and for fat (frozen sections) were carried out. 
RESULTS
The data (Table I) indicate that the animals from all 4 groups retained normal blood pressures. This not only is shown by the direct blood pressure measurements, but is indicated by the absence of any cardiac enlargement. In addition, vascular lesionsindicative of hypertension could not be demonstrated in any of the micro sections. Even the special stains for connective tissue, on sections of the kidneys of several experimental and control animals (Figs. ! and 2), did not enable the observer to distinguish them on the basis of any significant or consistent increase in the arterial adventitia.
The only consistent pathological change which could be demonstrated in any of the animals was the abnormal accumulation of intracellular granules of hemosiderin in the epithelium of the proximal tubules of the kidneys (Fig. 3 and 2). A slight degree of atrophy and distension of renal tubules (Fig. 4) occurred in some of the animals in the 3 experimental groups and to a lesser extent in the control rats. Fatty degeneration in the liver could be demonstrated in several of the animals fed diets not containing a choline supplement.
DISCUSSION
Our results do not support Calder's conclusions on the production of hypertension in rats. His data will be considered under two headings: (a) those dealing with the effect of the diets on the level of blood pressure (1), and (b) those concerned with the pathological lesions which he described (2).
Blood Pressure.--The diet fed to the animals of the first group in our experiment was essentially the same as that which Calder fed to rats in which he found an average elevation in the level of blood pressure of 20 ram. Hg within the first 3 weeks and persisting after 16 weeks. The initial ages and weights of the rats in our experiment were similar to those which he used. The amounts of weight lost by the rats are comparable. The only apparent difference, then, in the two series of experiments is the species of rat (Calder used rats from the Piebald and Vanderbilt strain).
Pathological Changes.--In rats fed for one year a diet partially deficient in the B vitamin complex, except thiamine, Calder reported the presence of renal lesions which he believed were associated with the elevations of the levels of blood pressure which he had found previously. The photomicrographs which he published to illustrate these lesions do not clearly demonstrate what he describes. Indeed, they appear to us to illustrate excellent examples of normal renal vessels. He also reported the presence of tubular atrophy and necrosis in the kidney which he attributed to the B vitamin deficiency of the diets employed. In our experiment, the only change which could be attributed to the B vitamin deficiency alone was the deposition of hemosiderin granules in the renal cortex. Calder made no mention of this finding.
It should be noted that Calder was dealing not only with deficiencies of the several components making up the B vitamin complex, but with other nutritional abnormalities as well. Evidence that the diet was somewhat hypolipotropic is given by the occurrence of fatty livers in some of our animals, in spite of appreciable loss of weight. Furthermore, there was no source of vitamin E in the diets and it has been shown that a deficiency of vitamin E may cause renal damage in rats (4).
The pathogenesis of the renal hemosiderosis is under further investigation in our hboratories.
SUMMARY
Certain diets essentially identical with those previously reported as causing an elevation of the blood pressure of rats have failed to produce any elevation.
Examination of micro sections from the kidneys of these rats, with the aid of special stains, has failed to demonstrate any vascular lesions similar to those previously described by Calder. Evidence of tubular atrophy was present to a minor degree in sections of the kidneys of rats fed diets deficient in the B vitamins (except thiamine) and in those fed diets low in choline. This finding has been noted previously by others, but examples of this type of lesion were found as well in animals fed the control diets of our experiments. It should be emphasized that these control diets were nutritionally inadequate.
Deposits of intracellular granules of hemosiderin were prominent in the convoluted tubules of the kidneys in rats fed the diets deficient in the B vitamin complex. FIO. 1. A renal artery and an arteriole (upper left) from a rat fed the basal diet (group 1) for 9 weeks. The artery shown possesses the thickest adventitia that could be found throughout the entire group of experimental animals. Even this adventitial coat is considered to fall within the range of normal variation. The arteriole is completely normal. This animal's blood pressure was within normal limits. Paraffin section; hematoxylin and eosin stain; B and G filters. X 330 and X 1060.
FIG. 2. A renal artery and an arteriole (upper left) from a rat fed the control diet (group 4) for 16 weeks. The amount of adventitia surrounding the-artery is tess than that illustrated in the preceding figure but the two illustrate the range of normal variation. The arteriole closely resembles that shown in Fig. 1 . This animal's blood pressure was also normal. Technical details as for Fig. 1.  FIG. 3 . The deposits of hemosiderin (Prussian blue-positive) are shown throughout appreciable numbers of proximal convoluted tubules in the low power photomicrograph. With a higher magnification, the deposits are seen to be intracellular in the epithelium of these tubules. Kidney from a rat fed the basal diet plus a choline supplement for 11 weeks. Paraffin section; Prussian blue counterstained with safranin and tartrazine. × 55 and X 330.
FIG. 4. Tubular atrophy in the renal cortex of a rat fed the basal diet for 10 weeks, The inset shows a distended and atrophied tubule. Paraffin section; hematoxylin and eosin stain; B and G falters. X 55 and X 240. (Similar lesions were found in several control animals.)
